The complete nucleotide sequence of the simian virus 41 (SV41) large (L) protein gene was determined. The L gene spanned 6883 nucleotides including a putative trailer RNA, and the L mRNA contained a single large open reading frame encoding a polypeptide of 2269 amino acids. Dot-matrix comparisons under stringent conditions identified domains highly conserved among paramyxoviruses. Domain 3 is the most highly conserved, and has been hypothesized to be the RNA polymerase active site. A phylogenetic tree was constructed from the sequences of the L proteins of seven paramyxoviruses. SV41 was most closely related to human parainfluenza virus type 2 (HPIV-2), and SV41, HPIV-2 and SV5 form a subgroup. The intergenic sequences at the nucleocapsid proteinphosphoprotein and haemagglutinin-neuraminidase-L protein gene junctions, and the 5' trailer sequence of SV41 were also determined, and it was shown that the first 13 nucleotides of the 5' trailer sequence are complementary to those of the 3' leader sequence. The intergenic, and gene-start and -end sequences of SV41, HPIV-2 and SV5 are shown.
Simian virus 41 (SV41) was originally isolated from cynomolgus monkey kidney cell cultures (Miller et al., 1964) . We have recently obtained some evidence through serological examinations that SV41 is prevalent in humans (Nishio et al., 1990) , although its relationship with a specific disease(s) has not been clarified. We have also reported that the antigenic and structural properties of SV41 reveal interrelationships between SV41, human parainfluenza virus type 2 (HPIV-2) and SV5 (Nishio et al., 1990; Tsurudome etal., 1989 Tsurudome etal., , 1990 . Therefore, SV41 belongs to the paramyxovirus genus. It contains six structural proteins, the nucleocapsid (NP), phospho-(P), matrix (M), fusion (F), haemagglutinin-neuraminidase (NH) and large (L) proteins. The genes encoding these proteins except the L and P genes, have been sequenced and analysed in our laboratory .
In this study, we determined the complete nucleotide sequence of the SV41 L gene and analysed the deduced amino acid sequence. A phylogenetic tree was constructed for the L proteins of paramyxoviruses. In addition to the SV41 L gene, some intergenic sequences of SV41 were also determined, and the intergenic and gene-start and -end sequences of SV41, HPIV-2 and SV5 are reported.
The nucleotide sequence data reported have been assigned the database accession number X64275. SV41 (Toshiba/Chanock strain) was plaque-purified and used for generating cDNA libraries. Virus propagation and purification of virus mRNA and nucleocapsid RNA were performed as reported previously Kawano et al., 1990a) . The method of construction of the cDNA libraries from genomic RNA has been described previously (Kawano et al., 1990a) . Subclones were obtained from clones containing a large insert cDNA by digestion with appropriate restriction endonucleases recognizing sequences of six bases. Sequencing was performed by the dideoxynucleotide chain termination method (Sanger et al., 1977) using Sequenase (US Biochemical). The analyses of sequence data were aided by the SDC-GENETYX programs. For determination of the 5' terminus of each mRNA and of the intergenic sequences, primer extensions for each gene were carried out using purified poly(A) + RNA as template as described previously (Kawano et al., 1990 b) . The genomic cDNA libraries of SV41 were first screened using a 32p-labelled cDNA fragment which extended about 300 nucleotides beyond the 5' terminus of the SV41 HN gene, and were then successively screened using the resultant positive clones.
The complete nucleotide sequence of the SV41 L gene and the deduced amino acid sequences are presented in Fig. 1 . The L gene spans 6883 nucleotides including a putative trailer RNA, and the L mRNA contains a single large open leading frame starting at the first AUG at 1991), SV5 (Higuchi et al., 1992) and SV (Shioda et al., 1986 ) L proteins were compared to that of SV41 using the GENETYX computer program. Pairwise comparisons of the sequences were performed using a window of 100 residues and a stringency setting of 90 (a), 80 (b and c) or 40 matches (d).
nucleotides 9 to 11 from the 5' end. The deduced protein contains 2269 amino acids with a calculated Mr of 256428. Partially purified SV41, HPIV-2 and Sendai virus (SV) virions were subjected to gel electrophoresis, blotted onto a nitrocellulose membrane and immunostained with antiserum directed against an oligopeptide corresponding to an N-terminal region of the HPIV-2 L protein conserved in the SV41 L protein. However, the first residue of this region in SV41 is asparatic acid not glutamic acid as in HPIV-2. Although the N-terminal sequences (about 160 amino acids) of the L proteins of paramyxoviruses were variable, this region alone was highly conserved among all the L proteins. The antiserum reacted with polypeptides of approximately 220K in SV41 and HPIV-2 virions, but did not react with the L protein of SV (data now shown), indicating that the gene analysed in this study is that of the SV41 L protein.
To locate homologous and unique domains in the L protein, dot-matrix comparisons of the amino acid identify with other paramyxoviruses (Shioda et al., 1986; Kawano et al., 1991 ; Higuchi et al., 1992) were carried out. Under stringent conditions, highly conserved domains were identified; these were numbered serially from the N to the C terminus (Fig. 2, 3) . A high degree of identity was observed between the SV41 and HPIV-2 L proteins, and there were four conserved domains (domains 3, 4, 5 and 6) identified under the conditions used in Fig. 2(a) . On the other hand, under these conditions, no conserved domain was found in comparisons between SV41 and SV5 or between SV5 and HPIV-2 (data not shown). With a window of 100 residues and a stringency setting of 80 matches, three conserved domains (domains 1, 2 and 3) were found in the HPIV-2 and SV5 L proteins (Fig. 2b) , whereas four domains (domains 1, 2, 3 and 5) were detected in SV41 and SV5 (Fig. 2c) . Interestingly, the domains did not necessarily overlap, indicating that highly conserved domains in SV41 and SV5 are different from those in SV41 and HPIV-2. The conserved domains in SV5 and HPIV-2 are found in the N-terminal portion and those in SV41 and HPIV-2 are in the middle of the protein. Domain 3 was common to all these viruses; domain 6 was unique and was found only in SV41 and HPIV-2. A significant degree of identity was also found in the SV41 and SV L proteins (Fig. 2d) , although under more stringent conditions no similarity was found (data not shown).
For further analyses, the amino acid sequence of the SV41 L protein was aligned with that of HPIV-2 , SV5 (Higuchi et al., 1992) , Newcastle disease virus (NDV; Yusoff et al., 1987) , SV (Shioda et al., 1986) , HPIV-3 (Galinski et al., 1988) and measles virus (MV; Blumberg et al., 1988) (Fig. 3) . Subsequently, the percentage of identical amino acid sequences was calculated (Table 1) . On the basis of this alignment, a phylogenetic tree was constructed for seven paramyxoviruses using the unweighted pairwise grouping (UPG) method (Fig. 4) . The number of amino acid substitutions was then calculated on the basis of the proportion of different amino acids between the sequences using the formula of Kimura (1983): S = -log (1 -P -1/5p2), where P is the fraction of amino acid residues that differ between the two sequences under consideration, and S is the average number of amino acid substitutions per site. As shown in Fig. 4 , paramyxoviruses are divided into two large groups, an SV41 group and an SV group. The former group consists of SV41, HPIV-2, SV5 and NDV, and HPIV-3 and MV belong to the SV group. SV41 is most closely related to HPIV-2, these two viruses and SV5 forming a subgroup.
The intergenic sequences at the P-M and F-HN gene junctions of SV41 have been reported previously . However, because the monocistronic M gene transcript was not detected and the bicistronic M-F gene transcript was found, the M gene end and M-F intergenic sequences could not be determined. The intergenic sequences at the NP-P and HN-L gene junctions were determined using the primer extension method (Fig. 5) . In addition, the start, end and intergenic sequences of SV41, HPIV-2 and SV5 are summarized (Fig. 5) AAUGUUA (negative sense), respectively, and are shorter than those of HPIV-2. The gene-start sequence of the SV41 L gene is completely identical to those of HPIV-2 and SV5 (Fig. 5) , and is different from those of SV and HPIV-3 (data not shown). The gene-end sequences of SV41 are highly conserved and the consensus sequence is (U/C)AAAUU(U)C.
The 5'-terminal sequence of the SV41 genome (5' trailer) was also determined and compared with the 3'-terminal sequence (3' leader). The first 13 nucleotides of the 5' trailer are complementary to those of the 3' leader. In addition, the 5" trailer sequence of SV41 showed high identity with that of HPIV-2 (Fig. 5) .
Dot-matrix comparisons under stringent conditions have identified highly conserved domains. In a comparison between SV41 and SV, no dot was found under conditions more stringent than 55 with a window of 100 residues and domain 3 alone was detected with strin- Fig. 3 , we estimated the number of amino acid substitutions for each pair and constructed a phylogenetic tree using the UPG method (Kimura, 1983) .
gency of 50, again with a window of 100 residues. However, a comparison at a stringency of 40 clearly shows the existence of five highly conserved domains. Six highly conserved domains were detected in comparisons among SV5, HPIV-2 and SV41. These domains correspond to those identified by Poch et al. (1990) , who characterized these domains and speculated as to their function. Domain 1 is composed mainly of hydrophobic residues; domain 2 is rich in basic amino acids and may be a template recognition site; domain 3 has long conserved stretches including the invariant hexapeptide, VQGDNQ, and is anticipated to represent a RNA polymerase active site, RNA-binding site and protein kinase; there are six invariant proline residues and a long continuous stretch of conserved amino acids (RNIGDP) in domain 4, which may be a purine-binding domain; all cysteine and histidine residues are conserved in domain 5, which is thought to be a metal-binding site; domain 6 is a highly variable region, which is hypothesized to have specialized functions in individual viruses. Fig. 5 . Summary of the gene-end, intergenic and gene-start sequences of SV41 , H PIV-2 and SV5 (Sheshberadaran & Lamb, 1990) . The intergenic sequence of the NP-P junction and the gene-start sequence of the P gene of SV5 were drawn from our data. Asterisks indicate sequences that could not be identified ; dashed lines indicate sequences that have not been determined. [IIIIIIIII  III  I 1  II I I  I  II  5"-TGGTTCCCCT CT'I~CCTATA AAAAAGAATT TAATTTTGAC AGAAGTTGA§'-TGGTTCCCCT TTTAGTTATA CAAAAAGAAT TTATTTTGAT AGTACTCAA  ~1111~1111  tl~ll  I  t  I  I I  ~ I  II  I Yuasa et al., 1990) (Fig. 6) . The gene-end sequence of SV41 is also conserved, being AAAUU(U)C, with five or six A residues in a poly(A) tract. Thus, a common attenuation mechanism is thought to function in all the genes of SV41 except the M gene.
A phylogenetic tree was constructed from the L protein of seven paramyxoviruses, showing that MV is more closely related to SV than to SV41. When molecular evolutionary analyses of the NP proteins of paramyxoviruses were carried out by the same method (Miyahara et al., 1992), the NP of MV was found to be more closely related to the group to which SV41 belongs, suggesting that the NP and L proteins, components of an RNA replicative complex, differ in molecular evolution. SHEStmERADARAU, H. & LAMB, R. A. (1990) . Sequence characterization of the membrane protein gene of paramyxovirus simian virus 5. 
